RNA interference through the use of short interfering molecules known as short interfering RNA (siRNA) has the potential to greatly advance research in treatments for many diseases because it has the ability to silence the expression of specific genes by helping degrade target mRNA. However, challenges to siRNA delivery have made the development of safe and effective delivery systems paramount in siRNA research. Various types of delivery systems have been proposed and investigated for siRNA delivery and therapy. Although viral vectors have been established to be the most effective in delivering siRNA molecules, they also raise many concerns over biosafety, especially concerning immunogenicity. Therefore, many researchers have begun to investigate and study non-viral vectors. Non-viral vectors are studied because they are typically considered to be safer than viral vectors albeit less efficient as well. The three general non-viral vectors that have been studied for siRNA delivery are lipid-based, non-lipid organic-based, and non-lipid inorganic-based carriers. Within those general parameters of non-viral vector classification are subtypes that are each unique with their own characteristic benefits and downsides. Many of these carriers, as well as even naked siRNA, do have the potential to be modified so that siRNA delivery could be further enhanced with benefits such as greater stability and duration. Researchers still must be wary with alterations as to not interfere with siRNA function. Currently, widespread siRNA therapeutics are still out of reach, but as more advancements in siRNA research including research on their delivery mechanisms are established, the goal of integrating siRNA therapy into the treatment of a multitude of diseases becomes increasingly more of a possibility. Researchers are currently investigating how siRNA can be used to not just treat cancer but ocular and neurodegenerative diseases as well as many others. There are still many obstacles to face and overcome before siRNA therapy can be implemented into the treatment of many diseases, and more research must still be conducted concerning siRNA delivery systems. Many advancements pertaining to siRNA carriers have been made, and many more are likely on their way.
Introduction
Processed mRNA can be regulated once in the cytoplasm by a mechanism known as RNA interference (RNAi). RNAi regulates the expression of genes by degrading mRNA and can be driven by RNA molecules such as short interfering RNA (siRNA) and microRNA (miRNA). However, whereas miRNAs can inhibit the expression of multiple mRNA targets, siRNAs target and inhibit a specific mRNA target. [1, 2] In mammals, the production of siRNA occurs when an endonuclease known as Dicer processes double-stranded RNA (dsRNA) that is introduced into the cell. Dicer, which comes from the ribonuclease III family, cleaves exogenously introduced dsRNA to generate siRNA composed of about 21-23 nucleotides, a 3' end with a dinucleotide Ivyspring International Publisher overhang, and a 5' end containing a monophosphate group. [1, 3] This processing by Dicer is necessary for siRNA to properly interact with the RNA-Induced Silencing Complex (RISC). (Figure 3 ) RISC further cleaves the siRNA to where only the antisense strand remains with the complex, which guides RISC to the specific target mRNA that it complements. [1, 4] The component of RISC that is most responsible for cleavage of the sense strand and the degradation of the target mRNA molecule is the Argonaute 2 protein (AGO2). AGO2 contains the three domains that interact with the antisense strand: the MID, PIWI, and PAZ domains. The MID and PIWI domains of AGO2 interact with the monophosphate group at the 5' end of the siRNA molecule while the PAZ domain interacts with the 3' dinucleotide overhang. Consequently, the seed region of the antisense strand is opened up for binding to the target mRNA. ( Figure  2 ) [2, 3] Additionally, the siRNA can be used by RISC more than once, meaning that the siRNA is not degraded as soon as one target mRNA molecule is degraded by the complex. [4] The regulation of mRNA by siRNA is one pathway that functions in the RNAi, but it differs from other methods of RNAi due to the fact that siRNA binds only to mRNA that is fully or almost fully complementary to it. Researchers have taken advantage of this aspect of gene regulation by siRNA, allowing them to research the function of a specific gene. [5] Furthermore, researchers are currently exploring how siRNA can be used in both cancer detection and cancer therapy and how it can specifically inhibit oncogene expression and cancer-causing pathways within cells. [6] Additional research with siRNAs is being conducted for the treatment of viral infections and genetic disorders. [7] Further research on siRNAs is being investigated for the development of new drugs as siRNAs can target the expression of any gene, which will help overcome the limitations that restrict the efficiency of small drug molecules and protein-based drugs that are in current use. [1] Although there are many potential benefits that siRNA has to offer the medical world, certain challenges must be overcome before their use in treatments can become widespread. One challenge to the use of siRNA as a method of therapy for cancers or other disorders is the development of effective and safe delivery systems for it. Delivery systems for siRNA must be efficient, must be able to target the appropriate body cells, and must not harm the patient. Currently, options for delivery systems range from viral vectors to non-viral vectors; however, there are advantages and disadvantages to each. For each siRNA delivery system, researchers are looking for one that has the ability to circulate within the blood for an effective duration, the ability to reach target tissues, and high chances for the siRNA to be taken up by the cells. [15] 
Viral Vectors
Viral vectors are being researched as methods of delivery because of their high efficiency in delivering nucleic acids into cells. Lentiviruses (LVs), adenoviruses (AVs), and adeno-associated viruses (AAVs) are the primary viral vectors being tested and studied. [8] LV vectors are attractive for researchers due to their relatively low cytotoxicity and reportedly low immunogenicity; however, AV vectors do have a high immunogenicity, and this high potential to provoke an immune response has made using AV vectors in research challenging. Furthermore, AV vectors can be problematic to apply to clinical trials due to the high probability of encountering pre-existing immunity in humans to AVs. [9, 10] AAV vectors are attractive to researchers as they are nonpathogenic, and although they only have the capacity to contain about 4.7 kb of genetic material, this should not be a problem in the context of RNAi as these vectors would only need to deliver smaller-sized material into cells. However, they face the same challenge as AV vectors due to similar chances of encountering pre-immune patients. [11, 12] Additionally, although LV vectors do pose many benefits as a vector, they still pose risks and challenges such as potential insertional mutagenesis, and even though they have the capacity to carry 8 kb, they potentially face issues in their distribution with their larger size; they also face challenges in production due to their complexity. [13] Although viral vectors are generally advantageous in efficiency, they raise many concerns pertaining to biosafety; thus, other potential vectors for delivery of siRNA into cells are being explored.
Non-viral Vectors
Due to safety concerns over viral vectors, much research has been poured into advancing non-viral vectors, which compared to viral vectors are easier to produce and safer to use within the human body. Non-viral vectors are particles that are synthetically produced that have the ability to bind to their respective cassette and deliver them successfully to the target site. One drawback is that these types of vectors are generally less efficient when compared to their viral counterparts. [14] Characteristics that non-viral vectors should have are biocompatibility, biodegradability, non-toxicity, stability, the ability to perform endosomal/lysosomal escape, the ability to protect siRNA, and ease of production. [26] Three general categories for non-viral vectors are lipid-based vectors, non-lipid organic-based vectors, and non-lipid inorganic-based vectors.
Lipid-based Vectors
Lipid-based vectors have attracted researchers because of the ability of lipids to spontaneously form bilayers due to their amphipathic properties. Because lipids and phospholipids are two major molecules that comprise cellular membranes, lipid-based siRNA carriers have the natural capacity to interact favorably with these cellular membranes for the uptake of siRNA. Currently, there are generally four prospective lipid-based vectors for siRNA delivery: lipoplexes, lipopolyplexes, stable nucleic-acid-lipid particles (SNALPs), and membrane/core nanoparticles (MCNPs). [4, 15, 16] The use of lipid-based carriers is further beneficial to research on siRNA delivery because it has been demonstrated that encapsulating RNA with lipids not only decreases the degradation rates of the RNA but also increases cellular uptake of the nucleic acid material. [19] However, even though there have been many advances in developing lipid-based carriers for delivery, their introduction and application into clinical practice has been slow partly due to problems in pharmaceutical manufacturing as well as regulations set out by the government. [23] 
Lipoplexes
Lipoplexes are composed of multiple bilayers composed of cationic lipids and are simply formed by merely combining an appropriate ratio of cationic liposomes to siRNAs. The siRNA-coated liposomes are then surrounded by ruptured lipid membranes. [15] However, cationic liposomes can be disadvantageous because of their potentially high cytotoxicity. [17, 22] The use of neutral lipids has thus been investigated, and studies have demonstrated that they are more biocompatible and have superior pharmacokinetics when compared to their cationic counterparts. Entrapment efficiency of siRNA does decrease with neutral lipids, but modifications can be made to the neutral lipoplexes to increase entrapment efficiency. [67] Refer to Figure 1A for the general structure of lipoplexes.
Lipopolyplexes
Lipopolyplexes are liposomes that contain polymers; this siRNA carrier is advantageous because the lipid components of it are naturally biocompatible and have low immunogenicity while its polymeric components have a natural affinity for RNA. Studies have already shown that these lipopolyplexes not only demonstrate relatively reduced toxicity but also efficient delivery in organisms via inhalation. [16] Research on lipopolyplexes is currently being conducted to investigate their usefulness as an alternative to viral vectors for the treatment of Parkinson's Disease because it is stable, can cross the blood brain barrier, and target diseased brain cells specifically. [68] Refer to Figure 1B for the general structure of lipopolyplexes. 
SNALPs
SNALPs differ from other liposomes due to the fact that they are composed of a single lipid bilayer containing an outer layer of neutral lipids and an inner layer of cationic lipids. The siRNA contained within SNALPs are typically found close to the inner membrane because of the attraction of the charges between the cationic lipids and the negatively charged siRNA. SNALPs also contain PEG-conjugated lipids. [7, 15, 16] Polyethylene glycol, or PEG, can be added to lipid-based siRNA carriers so that the carriers would be able to circulate throughout the blood for an increased amount of time. The addition of PEG-conjugated lipids such as in SNALPs is one way to PEGylate lipid-based carriers. [17] PEGylation of liposomes leads to greater stability of the carrier. [18] Refer to Figure 1C for the general structure of SNALPs.
MCNPs
An MCNP is a siRNA carrier that has lipid bilayer surrounding one or more inorganic nanoparticles, which serve as the core. [15] One such inorganic nanoparticle could be calcium phosphate (CaP) as it is not only biocompatible but is acid sensitive and can release its contents such as siRNA once in the cytoplasm of a cell. [20] Similar to MCNPs are liposome-polycation-DNA complexes (LPDs). LPDs that can help deliver siRNA are produced by mixing the appropriate siRNA with calf thymus DNA, which are then condensed with an arginine-rich, positively-charged polypeptide known as protamine. Afterwards, the core is then surrounded by liposomes. [18, 21] Refer to Figure 1D for the general structure of an MCNP.
Lipidoids
Although they are not truly lipid-based, lipidoids are lipid-like molecules that could also aid in the delivery of siRNA. Studies in nonhuman primates and mice have already demonstrated that lipidoids can deliver functional siRNA for the mostly successful inhibition of the expression of certain genes while at the same time having low toxicity due to lower siRNA dosage. [7] Non-lipid Organic-Based Nanovectors
Chitosan
One such non-lipid organic-based nanovector for siRNA delivery that researchers are currently investigating is chitosan. Chitosan is a cationic, linear polysaccharide that is made out of glucosamine/acetylglucosamine and has become an attractive vector for siRNA due to its biocompatibility, low cytotoxicity, and typical lack of immunogenicity. This polysaccharide is thus often considered to be Generally Recognized as Safe (GRAS). Furthermore, because chitosan is positively charged, it has the ability to interact with and protect negatively charged nucleic acids such as siRNA. [24, 25] However, a significant challenge to chitosan research is its variability in composition and molecular weight, which makes it difficult to understand which properties are associated with which effect. [25] Chitosan transfection efficiency is sensitive to the pH of its surroundings, and as pH cannot be controlled in vivo, more research needs to be conducted to alleviate potential problems with the vector's transfection efficiency. Additionally, to optimize chitosan-delivery for siRNA, the ratio of the siRNA should be 5 to 10 times less than of the chitosan. [26] The amino group and the primary hydroxyl group of chitosan can be targeted for chemical modification so that the carrier can be enhanced for optimal siRNA delivery. [27, 28] Other modifications to chitosan such as PEGylation have also been demonstrated to optimize chitosan as a carrier. [29] Although chitosan still faces challenges, with more research and investigation, chitosan has great potential as a very effective vector for siRNA delivery.
Dendrimers
Another type of vector for siRNA delivery is called dendrimers, which are symmetric, highly branched macromolecules that begin with a core molecule and end at a functional chemical group. Similar to chitosan nanocarriers, dendrimers are biocompatible and have negligible immunogenicity; however, unlike unmodified chitosan, they are also water soluble. [25, 30, 31] Dendrimers are also similar to lipid-based vectors due to high cytotoxicity being associated with not only cationic lipid-based vectors but cationic dendrimers as well. [17, 22, 30] However, dendrimers can also be modified through PEGylation to not only increase the duration of its circulation in the blood but also to decrease its toxicity and increase its transfection efficacy. [32] The last/outer generation on the dendrimer (each concentric layer of a dendrimer is considered a generation) has a specific amount of functional groups that can be produced to ensure wanted interactions with appropriate tissues. [33] Dendrimers are synthesized synthetically in two ways: convergent and divergent synthesis. In divergent synthesis, dendrimers are synthesized by the addition of new generations around a multifunctional core (Figure 4) , whereas in convergent synthesis, multiple dendrons are combined around the core to form a dendrimer. Downsides to each include the potential for branching defects in dendrimers synthesized divergently while dendrimers synthesized in a convergent manner have difficulty being truly spherical. [34, 35] Two of the most successful and investigated dendrimers are polyamidoamine (PAMAM) and polypropyleneimine (PPI).
Because PAMAM and PPI are amine-terminated, they are sensitive to pH, which allows for increased specificity in the release of their contents. [35] Dendrimers are advantageous as siRNA carriers because researchers can strictly control its structure, especially in the number and size of the dendrimer's functional groups. [36] Polyethylenimines Polyethylenimines (PEIs) are another promising siRNA carrier. PEIs are cationic polymers that release its nucleic acid contents into a cell through the proton sponge effect in which PEIs promote endosomal escape by causing endosomal swelling and rupture due to osmolarity changes. Thus, this prevents lysosomal degradation. [37, 38] The proton sponge effect is characteristic of PEIs due to their structure: every third atom is a protonable amino nitrogen atom. [39] PEIs also have two general structures: either linear (lPEI) or branched (bPEI). [37] PEIs have also demonstrated their usefulness as a siRNA carrier due to their successful delivery of siRNA molecules in animal models in vivo. [40] Furthermore, research on PEI modifications has already seen modified PEIs achieve reduced cytotoxicity while maintaining high efficacy. [41] However, in general, PEIs with higher molecular weights and bPEIs typically induce greater cytotoxicity compared to those with lower molecular weights and lPEIs. PEIs are not easily biodegradable which leads to high toxicity, and although more research for PEI modifications to decrease cytotoxicity can be conducted, many researchers are simply exploring and studying other carriers that are associated with lower cytotoxicity. [42] 
Non-lipid Inorganic-Based Nanovectors

Gold Nanoparticles
The use of gold nanoparticles (AuNPs) is a well-known inorganic vector for siRNA delivery as it is a safe and stable option due to its core being non-toxic, inert, and biocompatible. [43] [44] [45] The unique properties of the surface of AuNPs allow for this type of carrier to bond with siRNA covalently or non-covalently. When AuNPs and siRNA are bonded covalently, delivery can be further enhanced with the addition of a cationic polymer or cell penetrating peptides (CPPs). [43] Noncovalent AuNP-siRNA conjugates are also attractive because they provide options for the structural design of the carrier such as mixed-monolayer-protected AuNPs (MM-AuNPs) and amino acid-functionalized AuNPs (AA-AuNPs).
[44] The versatility of AuNPs due to the ease of modifying its surface has made it an attractive carrier for siRNA delivery. [45] For example, it has been reported that AuNPs can be modified to have pH-sensitivity so that the carriers could release their contents into a target region such as a slightly acidic tumor environment. [46] Furthermore, AuNPs are attractive due to their low cytotoxicity. [41] Additionally, AuNP conjugates have been reported to be successful in the topical delivery of siRNAs in vivo. [41, 47] 
Superparamagnetic Iron Oxide Nanoparticles
Biodegradability, biocompatibility, and nontoxicity are also characteristic of superparamagnetic iron oxide nanoparticles (SPIONs). The focus of current research on SPIONs includes their biodistribution and pharmacokinetics in order to better understand how they function as a carrier as well as to minimize any negative side effects such as toxicity. [48] The magnetic properties of SPIONs are size-dependent. The surface chemistry of SPIONs is another influential factor on their properties such as the extent of immune response they induce. [48] [49] [50] Therefore, research on different coatings for SPIONs has been conducted since a typical SPION has a hydrophobic surface and tend to agglomerate. Chitosan and PEG are two organic polymers that are used to help modify the surface chemistry of SPIONs. Other types of coating materials that are used are organic surfactants, inorganic metals, inorganic oxides, and bioactive molecules and structures. [49] Furthermore, because SPIONs are superparamagnetic, there is research that demonstrates how an external magnetic field could be applied for the selective delivery of SPIONs and thus causing an increase in transfection rates. [50] However, the use of SPIONs still requires more research as there is concern over the toxicity caused once the SPIONs are degraded in the body.
[51]
Mesoporous Silica-based Nanoparticles
Another well-researched inorganic nanoparticle for siRNA delivery would be mesoporous silica-based nanoparticle (MSN). They are advantageous as a carrier because they have the ability to encapsulate more molecules compared to other carriers. Furthermore, MSNs are stable due to the iron oxide framework in their structure and have been reported to be able to escape the endosome for the release of its contents into the cytoplasm. [52] Additionally, controlled release is being investigated in MSNs because they can be chemically modified due to their stability and because MSN synthesis is relatively facile. [53] The synthesis of MSNs begins with one of two precursors: either tetraalkooxysilanes or sodium silicate solutions. Different templating agents such as ionic surfactants, pluronic surfactants, and neutral block copolymers are further used to influence pore size and arrangement as well the MSN's general shape and size. [54] The use of polyelectrolyte gatekeepers, supramolecularnanovalves, pH-sensitive linkers, and acid-decomposable inorganic gatekeepers with MSNs to form a pH-responsive release system has also been studied to further enhance MSN delivery for the treatment of diseases such as cancer. [55] MSN-based systems have also been studied for the research of other stimuli-responsive delivery mechanisms for both endogenous stimuli such as enzymes and glucose and exogenous stimuli light and magnetics. [56] More research is still being conducted that focuses on the safety, biodegradability, pharmacokinetics, and biodistribution of MSNs. [54] Semiconductor Quantum Dots Semiconductor quantum dots have become attractive to researchers for siRNA delivery because of their usefulness in molecular imaging as fluorophores. As carriers, they exhibit biocompatibility. As methods of molecular imaging, quantum dots are attractive due to their relatively higher brightness, their smaller chances of photobleaching, and their ease in being detected compared to fluorescent dyes. [41, 46] Additionally, because of the tunable emission of quantum dots, they have become attractive to researchers who are studying the delivery of siRNA via these quantum dots into cells and small animals. [63] 
Cell-Penetrating Peptides
Cell-penetrating peptides (CPPs) are small peptides that have the ability to carry siRNAs and other molecules and safely cross cell membranes. CPPs can also be referred to as protein transduction domains (PTDs). [57] Up to 30 amino acid residues can comprise one CPP, of which many are arginine or lysine. [58] Although research is still being conducted concerning how CPPs enter cells to deliver their cargo, two major cellular uptake mechanisms are known: energy independent pathways and endocytosis. Examples of models that have been suggested for the latter include the inverted micelle, pore formation, carpet, and membrane thinning models. Studies have shown that cellular entry for CPPs is influenced by its properties as well as the properties of what it is delivering into the cell. [59] Interactions between CPPs and cell membranes are due to electrostatic interactions. Cationic CPPs have demonstrated high effectiveness in crossing anionic membranes. [60] CPPs can carry siRNA duplexes by either covalent or noncovalent linkage through electrostatic interactions or through the formation of disulfide bonds, respectively. Circumventing CPP entrapment in the lysosome has been investigated, resulting in the creation of methods to do so such as the addition of part of the hemagglutinin (HA) sequence originating from the human influenza virus to CPPs. [61] Organization of the multitude of CPPs varies depending on the what is used as the basis for their classification. Concerning their origin, CPPs can be considered to be protein-derived, chimeric, or synthetic. On the basis of their physicochemical characteristics, CPPs can be classified as cationic, amphipathic, or hydrophobic. [24, 62] Challenges for the use of CPPs in siRNA delivery involve a potential decrease in delivery efficacy when positively-charged CPPs are linked to negatively-charged siRNA. Additionally, there is concern over CPPs having cytotoxicity or inducing immunogenicity. [7] However, CPPs are a promising carrier for siRNA delivery, and they continue to be investigated.
Nanogels
Nanogels are siRNA carriers that are composed of networks of either chemically or physically-linked polymers and are attractive as carriers due to their biocompatibility, high stability, and high loading capacity. Additionally, there is an ease to not only synthesizing nanogels but chemically modifying them as well. [29, 64] Preparing nanogels is simple, and neither mechanical energy nor organic solvents are required for their production. [64] Additional modifications of nanogels can aid in decreasing associated cytotoxicity. [65] Studies concerning nanogels in vivo have demonstrated their ability to protect their cargo from degradation. [66] 
siRNA and Carrier Modifications
Modifications such as PEGylation have been briefly discussed with SNALPs. PEGylation allows carriers to circulate throughout the body for a longer duration as it prevents aggregation, opsonization, and phagocytosis as well as decreases the immunogenicity of its carrier. [69] Furthermore, PEG has been hailed as biocompatible and non-toxic. However, as research has advanced concerning PEGylation, limitations such as non-degradability have been demonstrated in PEGs, causing concerns over their usage. [70] Additionally, there have been reports of the PEGs themselves causing immunogenicity, especially with repeated usage in the same individual. [71] Thus, research has begun for finding alternatives to PEG such as with polysaccharides. [70, 71] Naked siRNA can also undergo chemical modifications to improve their effectiveness. Without modifications, naked siRNA face obstacles that will later be discussed in greater detail such as potential nuclease degradation, off-target effects, etc. [3, 73] Additionally, modifying siRNA does not negatively affect their ability to silence target mRNA. Chemical modifications of siRNA have so far included modifications to the termini, backbone, sugars, and bases, but modifications have primarily focused on sugar moiety. The main goals of siRNA chemical modifications are to extend the half-life and to increase cellular uptake of the siRNA molecule. [74] Research has already established that modifying siRNAs with locked nucleic acids can extend its half-life to 90 hours without triggering severely negative effects, implying that RNAi machinery can tolerate a moderate amount of modifications to siRNA. Furthermore, to protect against siRNA degradation via nucleases, the backbone of the siRNA molecule can be altered. However, alterations can cause cytotoxicity as well as inhibit the silencing ability of siRNA. [3] Challenges and Applications for siRNA Therapy
There have been many advances in the research of siRNA in RNAi and the differing techniques for their delivery. However, many obstacles still need to be overcome to maximize the advantages of siRNA therapy. Even as a multitude of siRNA carriers have been investigated and improved for the safe delivery of siRNA into cells, siRNA still risk not being able to undergo endosomal escape and enter the cytoplasm of the cells or even being degraded by RNAses within the cells as well. Additionally, there are risks of off-target silencing by the siRNA as well as even the activation of the body's immune system. [3] Off-target silencing can be either due to siRNA being able to tolerate a few mismatches in an mRNA transcript or due to siRNAs entering miRNA machinery that were already within the cell. In addition to these obstacles, there have also been reports of varying efficacies between siRNAs that targeted the same mRNA sequence, although different parts of the sequence. [5] Furthermore, even with the use of nanoparticles for the delivery of siRNA, researchers still face the challenges of developing siRNA carriers that can escape both the reticuloendothelial system and rapid renal clearance. It has therefore been suggested that nanoparticles should have a diameter of between 5-100 nm so that the carriers will have higher chances of avoiding both in the body. [72] As more research continues concerning the delivery of siRNA, researchers are finding newer and better ways to circumvent these obstacles and therefore enhance siRNA delivery. For example, modifications to both naked siRNA and siRNA carriers and their effects have been investigated, which were discussed previously in greater detail.
One prospective use for siRNA therapy is for the treatment of cancer. In cancer cells, apoptosis pathways are typically deregulated, but it is believed that siRNA can target the expression of anti-apoptosis genes so that apoptosis can be induced, killing the cancerous cells. Other genes siRNA can potentially target in cancer cells are the genes that are involved in signal transduction, angiogenesis, and drug resistance. [75] Research is also being conducted in the application of siRNA in the enhancement of bone regeneration and the treatment of musculoskeletal injuries and diseases. [76] Additional research is being invested in how siRNA can be used to treat ocular pathologies by targeting the molecules that contribute to the development of glaucoma, retinitis pigmentosa, and neovascular eye diseases. Although the use of siRNA therapy for diseases in the eyes have many advantages, this type of treatment can be further enhanced with more advancements in the development of controlled/targeted delivery techniques for siRNA to the eyes. [77] siRNAs can even potentially be used for the treatment of neurodegenerative diseases such as Alzheimer's, Parkinson's, and Huntington's disease. [78] 
Conclusion
As more advancements in siRNA research are being made, siRNAs are becoming increasingly attractive for the treatment of a multitude of diseases including cancer as they can specifically target and downregulate the expression of certain genes by degrading their corresponsive mRNA transcripts. However, naked siRNA alone face many challenges within the body. Therefore, research is being intensively poured into advancing the development of safe and effective delivery systems for siRNA. Viral vectors are attractive as carriers for siRNA due to their high efficiency in delivery, which has directed much attention towards lentiviral vectors, adenoviral vectors, and adeno-associated vectors. However, viral vectors are associated with risks to biosafety such as high immunogenicity and potential insertional mutagenesis, which have raised many concerns among researchers. Therefore, non-viral vectors, although relatively less efficient compared to viral vectors, have thus become increasingly attractive for researchers because of their ease of production and relatively greater biosafety. However, prospective non-viral vectors for siRNA delivery should still be efficient and be able to target the appropriate cells. Furthermore, siRNA carriers must be able to circulate throughout the blood for an appropriate yet effective amount of time. High cellular uptake should be another characteristic of a good siRNA carrier. Although there are a variety of prospective non-viral vectors for siRNA delivery, there are three general categories used for the classification of non-viral vectors: lipid-based, non-lipid organic-based, and non-lipid inorganic based. The non-viral vectors that were discussed in this paper were lipoplexes, lipopolyplexes, stable nucleic-acid-lipid particles, membrane/core nanoparticles, lipidoids, chitosan, dendrimers, polyethylenimines, gold nanoparticles, superparamagnetic iron oxide particles, mesoporous silica-based nanoparticles, and semiconductor quantum dots. Other types of prospective carriers include cell penetrating peptides and nanogels. Each carrier has its own unique advantages and disadvantages, but most have the capacity to be modified or be used in conjunction with another carrier in order to maximize their beneficial characteristics. Modifications include the addition of polyethylene glycol and even direct alterations to naked siRNA molecules to further enhance siRNA delivery such as through controlled delivery. Additional modifications for other benefits are also being investigated, but researchers have to be careful to not inhibit the silencing ability of siRNA because of the modifications that they make. The use of RNA interference via siRNA for the treatment of diseases has great potential for the future, but there are still many obstacles to be overcome before the use of siRNA therapy becomes widespread. Research will thus continue as the use of siRNA has the potential to be applied to the treatment of many diseases such as cancer or even neurodegenerative diseases such as Alzheimer's disease. In fact, hybrid nanoparticles that are composed of more than one type of nanoparticles are being intensively researched to minimize the negative characteristics of single nanoparticles such as cytotoxicity. Hybrid nanoparticles can also function as a theranostic carrier and thus potentially aid in the monitoring of treatments and disease development. [79] Many advancements have been made that highlight the possibilities for siRNA therapy, and with continued research, many more advancements are sure to come.
